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PRELIMINARYINVESTIGATIONATLOWSPEEDOF~WNWASH

CHARACTERISTICSOFf34&IL-SCAIESWZP.TBACKWINGS

ByPaulE.Purser,M.LeroySpearman,andWilliamR.Bates
,.”” .,

A preliminaryinvestigationhasbeenmadeatlowspeedofthe
downwashbehindvarioussmaU-scalesweptbackwings.Thewingcon-
figurationsforwhichdatawqreobtainedcoveredaspectratios

‘ from2.5to4.0,sweepbackanglesfrom32.5°to40°,andratiosof
rootchordtotipchordfrom0.62to2.06.

.,. . . ... .. . . ---- .

.,

Thedatashowedthatforthehigher&ils andshortertail
lengthsbehindeachofthewingsinthewing-tailcombinations
testedfairlylargev~iations.occyrredintherateof -changeof
~owqwashanglewithan@_eofattackd~/daathi@ anglesofattack
withresu~binglargechan~s~n the.longitudinalsta%$lityofthe
-g-tallcombinations.In gqneral,loweringthe@il toa position
neartheetiendedchord”line.ofthewingandticreasingthetail
lengbhcausedimprovementofthestabilityqscharacterize@.by
decreasesin de/da-d bydecreasesinthevariationof de/dcL
withangleofattack. ..

IncreasingthewingaspectratioCabeda reductionin d~/da
andimprovedthetailcontributiontothestability.Increasing
the.ratioofwingrootchordtotipchordcausedticreasesinthe
rateofchangeof.downwashanglewithangleofattackforthelow
liftrange.

Theuseoftrailing-edgeflapscauseda slightIncreasein
&/dcLandcausedanincrementofdownwashangleatlowanglesof
attackaboutthesameasvouldbeeqectedforunsweptwinas.
LeaUng-edgeslatereducedthevarfationof de/d~athi@ lift
coefficientsandgenerallyresultedinimprovementofthestability.

Valuesofdownwashanglecomputed-fromdesignchartsforunswept
wingsgiveninNACAReportsNo.648and71.I.agreedfairlyWellwith
experimentaldataatlowliftcoefficients~ovidedthecomputations
werebasedontheaspectratioandspanofanunswepttig havingthe
samepanelsasthesweptbackwing. ,

.,. . . . ., .. . .F . .-
... ,.
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XNlYV3DUOTION

Theanalysisofreference1 showsthattheuseofsweptlmck
wingsforhigh-speedaircraftcangreatlyextendtherangeofflight
Maohnvmberattainablebeforetheonsetofseriouscompressibility
effectsont~e’wings.TheNationalAdvisoryCommitteeforAeronautics
isthereforeattemptingtosupplydesigndataonthecharacteristics
Ofsweptwings.Forthelow-speedrangeinwhichthedisadvantages
inherentintheuseofhighdegreesofsweepappeartobegreatest,
theLangleyLaboratoryoftheNACAhassuppliedsuchdataonthe
low-speedstabilityand.controlcharacteristicsofsweptbackwings,In
references2 and3 andhasp?ovideda collectionandanalysisof
staticlongitudinalstabilitycharacteristicsofsweptbackwingsin
reference4.

Theem.alysisofreferencek showsthatthestaticlongitudinal
StabilityorIsolatedwings,particular~ynearthestall,is “
greatlydependentupontheaspectratio~d.sweepbackangle.A
m.mmarychartbasedonthesetwoparametersispresentedinreference4
foruseindeterminingstableandunstablecombinationsofWeep
endaspectratio.Otherdatapresentedinreference4 indicate,how-
ever,thattheproblemofobtainingadequatelongitudinalstability
f’orwing-tailcombinationsismorecomplexthanthatforwingsalone
becauseofapparentlylargeandunpredictahl.edownwashchangesinthe
regionofthetailsurfaces.

Asanextensiontotheworkofreference4,thepresentpaper
providesa collectionanabrie~analysisofdownwashmeasurements
madebehindvarioussweptbackwings.Thedatawereobtainedfrom
tuftobservationsandforcetestsofwing-tailcombinationsinthe
Langley7-by10-foottunnel.

COEFFI(!IJ3NTSANDSYMBOLS

CL liftcoefficient(Lii’t/qS),

&
isolated-tailliftooeffioient(LiftofIsolatedtail/qSt)

dragcoefficient(Dmg/qS) .. —

cm” *
pitching-momentcoefficientaboutquarterchord.gfwing
meanaerodynamicchord(Pltchingraoment/q%!.),

q -c pressure, p0~a8persquaref’oot
0

‘“~2 ~ . .
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mass.densi.tyof’air,slugspercubtcfoot

air velocity, feetpersecond

wingarea,squarefeet.
tailarea,squarefeet

airfoilseotionohord,feet ‘Mbl’c%f)airfoilmeanaerodynamicchord,feet
/“do /

airfoilrootohord,feet

airfoiltipohord,-feet

angleofsweepbackoflineof
degrees ..

wingaepect,ratio(b2/S)

tailaspeotratioj%%,)

wingspan,feet

tailspan,~eet

angleofattack

&le ofattaok

.’
..

ofwing,chgrd

of”tail’chord

angleofdownwash,determined. . ....

3

.,
,.

,,

quarter-chordpointsofairfoil,

line,<degrees

ii.ne; degrees

fromtuft mrveys, degrees

effectivesngleofdownwash,dete&inedfromforce-test
data,degrees .:’.. .,

tailsettingwith.respecttowingchordline,posi,tiye
whentrailingedgemovesdown,degrees
,,
effective:dynsmicpressur~‘attail,’pamdspersquarefoot....,.,.. ,.
taillengthj.d<stance.inchorfiplane,f”romq&rter-chord
pointofwingmeszi”aerodynamicchordtoquarter-chbrd.‘.
pointoftailqea;aerodynamicchor@qr toa pointin
surveyplsnee@Valenttoquarter-”chozilpointoftail
meanaero~nsmic”chord,feet .,

.
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t@l height,verticaldistancefromwingchordplaneto
tailohc@planeortopoint”instqweyplane,feet

spsnwtsedistance

neutralpoint

fromphne ofsymmetry,feet

MmELsmAPPmTus

Models

Detailsofthemodelstestedareshownin figures1 to7. All
thewingsandtailsweremadeof laminatedmahogany.Thetailsof
modelsA toD weremountedona 2-byA-inchpinefuselagebymeans
of thefittingsshowninfigure8.

.
:.’ SurveyAp~atus

DownwashsurveysformdelsD,E,and1?weremadewiththe
tuftapparatusshowninfigure9. FormodelsB amlC thewl~es
extended,fromthetunnelfloortotheceilingendfrom= = O

-7-

b/2
to ~ *= 1.0, Therowofwires&upportingthetuftswasswept

back-koad photographs(seefig. 10) were takenfromthesideof
thetunnelatanangleofgOOtothealrstresm.Thephotographs.
wereenlargedtoapproximatelyone-halffull-sizeendthetuft
angleswerereadbyusingthevernierprotractorofa drafting
maohine.

TESTSANDRESULTS

—

TestConditions

The followingta~lesummarizeethetestconditionsforthevarious
modelsintheLangley7-by10-foottunnel:
.—
Model DynsMopressure TestReynoldsnb’em Turbulence

(lb/sqf%).... factor

A,B,andC 17.16 0,834X 106 1,6 ,
D ~ 16.37 m: 1.6
E 16,37 1.6
F 16.37 ,800 ‘ 3.,6 .

Isolated ,.
tails 16.37 .410 1.6
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Corrections

@res.- Themdel force-testdata havepotbeencorrectedfor I
tares.Thedatafortheisolatedtailsof modelsA,3,C,endD
havebeenapproximatelycorrectedfortaresbyadjustingtheangle
ofzeroliftta -3.80. Thisangleisa correctedvaluebased on
testwdataforundweptClarkY airfoilsmultipliedbythecosineof
40° toaccountapproximatelyforsweepeffects.

Thedownwashanglesdeterminedfromtuftsurv-eysforthe-
zsymmetricalairfoils(modelsB andC)wereapproximatelycorrected
fortaresby Subtractingthedownwashanglesmeasuredatm angle
ofattackofzerofromthedownwashanglesmeasuredatellangles
ofattack.Forthecamkereda@foUs (modelsD,E,qnd.F)the
tere“downwashangles we~e.~ete~ned fro~’ tuft-me~re~~t~ ~~e
withthemodelsremovedbut.withthemodelsu~ortstrutinstalled
inthetunnel,

Jet-boundaryeffects.-Tinevariousjet-boundarycorreotias
appliedtotheforce-testdataarepresentedintableI. These
correctionsarestandardvaluesdevelopedforunsweptwings(see
reference5) andforthepresenttestswerebasedontheactual
aspectratioandareaofeachsweptbackwing.

Withinthelimitsofapplicabilityofthejet-boun~
correctionsdevelopedforunsweptwingstotestsof,sweptwings,
theeffectivedownwashan@.e8determinedfromthecorrectedforce-
testdataarealsocorrectedforjet-bo~~ effects.

.No~et-boundarycorrectionshavebeenappliedh thedownwash
emgl.esmeasuredbytuftsforanymodelslbuttheanglesofattack
presentedwiththetuft-surveydataarealsouncorrectedinorder
thatthevaluesof d~/daobtainedfromthesedatamightbemore
nearlycorrect.

TestssndPresentationof~e&lts ,
F&ce tests.-ForcetestsOTallmodelsweremadethroughthe

angle-of-attackrangefromabout-4°tothestallangle.FormodelsA
toD’testsweremadewiththetailremovedandwiththetailpetat
approximately0°and-6° relativetothewingchordlineateaohof
thepositionsshowninfigures1 to4.

FormodelsA toD theVsluesofeffectivedownwashangle 61
anddynamic-pressureratiowerecomputedfromtatl-offltail-on,
andisolated-tailtestsbya methodofsuccessiveapproximationswhich
takesinto+accountthenonlinearityoftheisolqted-tailliftCurve,
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IWnwashsurveys.-.!fhedownwashsurveysbehindmodelsB andC
withthetailremovedandbehindthewingsofmodelsD,E, andF .
weremadethrough“theangle-of-attackrange’i%om0°to20°.inthe
surveyplanes~howninf’i~es2,3,4,6,and7. Sincethegroups
of’tuftswerefixedinspace,thesurveyplaneswerelocated
differentlywithrespecttothemodelforeachangleofattack,as
showninfigure11. The&ata.arsshownlocatedwithrespecttothe
chordplane,andthefactthatthesurveyplanesdidnotremain
perpendiculartothechordplanewaei&nored%ecauseoftherelatively
smallvariationofdownwashwithlongitudinal.locationinthesurvey
region.

Preeeritationofresults.-Thedataarepresentedinfigures12
to30inthreegeneralgroups:force-testdata,tuftsurveys,end
analystsplotsandareindexedintable11,

DISCUSSION -

General

Theforce-test&ata,particularlydatainfigures12(a),is(a),
lb(a),andl~(a),andthetuftsurveys(figs.20to24)indicate
thatforhightailsandshorttaillengthsbehindeachofthewings
testedforthepresentinvestigation,thevariationofdownwashangle
withangleofatbckundergoesratherlargechamgesathighvalues
ofliftcoefficient(CL>0.6)?‘Ihesech~es in &/da UEIUCL1lY
occuratangldsofattackneartheanglesatwhichchangesoccur
alsointhewingU.ft,pitching-moment,anddragcharacteristics.
Tuftobservationsoftheflowatthewi~ mrface~showmarkedchanges
intheflowpatternatthesesameanglesofattackandindicatea
generalshiftofliftloadtowardtherootsection.Thatsucha shift
ofloadoccursforswoptbackwingsisshownbythedataofreference6
andintestsmadeintheLangley~-foothigh-speedtunnel.Thochanges
in d~/dathatoccurathighliftcoefficientsthereforeareprobably
a resultoftheincreasedload-carrj.edbytherootsection.

,Da+x’obtainedintheLan@eylg-footpressuretunnelshowthat
thechangesinairflow,lift,pitchingmomen$,anddragthatoccur
atlowReymoldsnumbersatvaluesofliftcoefficientof0.6and
higherarereducedordelayedtohigher’englesofattackbyincreases
intheReynoldsnumber,Itisto,beexpected,therefore,thatthe
datapresentedherein,whichwereallobtainedinte’stsatlow
Reynoldsnunibers,maytendtooveremphasizethechangesin de/da,
Theactualchangesoccurri~onful.1-sizeaircraftprobahlywouldbe
lessmarkedandwouldoccurathigher-valuesofliftcoefficient
thandothechangespresentedinthepresentpaper,Thedataobtained

.

r

,

*,
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inthelg-footpressure Imnel, however,showrelativelyal
effectsofReynoldsnmberatlowlif’tcoefficients;thereforethe
lowReynoldsnumberofthepresenttestsshouldhavelittleeffect
onthevalidityofthepresentdataatlowIfftcoefficients.

Sinceanalysisofthedatainvolvesa discussionof%othtorce-
testmeasurementsandtuftsumeys,a comparisonoftheresults
obtainedbythesetwomethodsis,showinfigures25end26,“An
incrementaldifferenceexistsbetweenthevaluesofdownwashangle
obtainedbythetwomethodsthatisprobablycausedbytares;
however~theslopesofthecurvesareverynearlythesame.The
tuft-surveydatapresentedarevaluesfora stationatthemidpoint
of the tail semispanantinoattemptwasmadetoacccnmtforspenwise
varlattcnsofdownwashen$l.eandtai~liftdistribution.Asnoted
inthesecttonentitledCorrectionsneitherthedownwashangles
northeanglesofattackfromthetufttestshavebeencmrrected.
Thecorrections& botlidowziwash’angleend@e ofat-k are .
ofthesamesenseandorderofnmaitude,however,andasshown
bytableI thecorrecthnsto”angleofattackarerelativelysmallforall.themodels

Theeffectof

tested. “ ‘ ‘ “

Effect”ofA~pbctRatio

~ng aspectratioontheeffectivedownwash
englebehindeweptb~kwingsisshowninfigure27. TheasPect
ratiosofthewingandtailwerereducedbythesamesmountsothat
thetailforeachmodelwo@d beaffectedbyrelativelythessme~
portionofthewing.Thephysicalposttionsofthewingandtail
rmainedunchangedwhentheaspectratiowaschenged.Thedataof
figure27.indtcatethata redubtioninaspectratioproducesan
incr~aseinthevalueof dG/da,withtheeffectbeinglessmarked
forthelongertaillengths. ..

Forallthewingstestedthechangesin de’/dareeulting”from
a changeinas~ectratioareoftheorderof’magnitudeobtained
fortisweptwingsfromthechartsofreferences7 and8. The
measuredvaluesof del/dafora gfvensweptbackwing,however,arb
lessthanwouldbecalculatedforanunsweptwingofthesame
aspectratioendmorenearlyapproachthevaluescalculatedfor
anunsweptwinghavingthessmepanelsasthesweptwfng.This
resultisill~tratedinf’Q3ure,30inwhichmeaswedvaluesof d6{/da
forthe16wlift-coefficientrangearecomperedwithvaluescomputed
fromthechartsofreferences7 and8 bythree’differentmethods:

“(1)ActualvaluesofA sndb obtainedonthesweptwingswere
usedInthecharts.

.
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(2) Actual-valueof

bythefactor

(3) Vdam of b was
.

wasmultiplied

b wasusedbutvalueof A wasmultiplied

. . . . .

multipliedb; ~ andvalueof A

@*c/4 ‘ .

Method(3).i%equivalenttQbasingthecomputationsonem -
unsweptwinghavingthesamepemelsas’theswept~dngs● . This m~~~
s3though strictlyempiricalandhavingnotheorq$ical‘basis,gave
tileclose~tagreementbetweene@erti6ntQ.andcomputedvalues“.
of d~l/da.Computationsof d61/dczmadebyqethod(3) forfour ‘
completemodelshavealsoshcwagoods@eementwithexperimental
valuesobtainedh theLangley30dMPH7-“by10-foot.tunnel.. ,.

,;
,, Effec%’of’TaperRatio

Theonlydirectlyccwqmrabledataontheeffectsoftaper
ratiowereobtainedformodelsD andE. Thesedataarecompared
Infigure28, whichshowsthatforthelowliftrangethemodel
with

than

from

conventionaltape:~~= 2.0~ .has,greate:ddwntniehangle

thewingwithinversetaper,(~=c).,l) ~aewouldbeexpected

thedesignchartsofreferences7 and8. Thedataoffi~e 28
Indicatethat-ingeneralamoreuniformvariationof c with-angle
ofattackIsobtainedfor.the”modelwithconve.ntlonaltaper.“Atm
0.$ abovethechordline,forexample,themodelofconventional
tapershowsa fairlyuniformincreaseindownwashanglewithangle
ofattack,whereasthdwfngcif@verse,@pprshowsa particularly
rapidincreaseindo~washenglebetweenanglesofattackof12°end
1.60. Thisresulttightbeexpectedsticetheforce-testdata
(figs.16emd17)alsochowsme+.qr”de@rturesfromlineart.tyfor
theliftandpitching-momentcur%esfortheconventional-tape&’mcdel.
ascomparedwiththecurvesfortheInverse-taperti~. .

.,. ,

EffectofTailE@& andPoeltion

Tatlspen,-Thedownwa6h,data,forthewingofcmadelD (“inve&e
taper)Indicatethatingeneraltheaverage.valueof d~/daincreases

.

1

\
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asthetailspanincreases,“(s9:rig.21.) ThiBconditionie
probablya resultofanIncreasedltftloadcartedbythetipsof
thesweptbackfnveree-%ap~rwfngastheangleofattackincrease~.
Forthewingswithconvenbtonal.taper.=modeM-ErandF sho~~
figuree23 snd24)respectively- a similarincreaseintheaverage
vsl.uqof de/daoccurs,atlowanglesofa~tackfortail-sp”sn~

spermgreaterthenabout0.~u3thedata8en@dJ-yindica*ea,,-
decreasein de~da~~thticr&~hg”&& ,sp”&,”tiecausea*~~@ :
an@esofattaokthe”ti~steU3ngtenfienciesof”syeptback,wings
reducethetipliftload and %ecause ‘at all ahglesof”atthck

. conventione.1~per ha=a relievingeffect”tntheliftI&d at-ti”o~‘
tip● ...> ..,... .,., ,J-

Fortheuntapered~wl&s(wdelsB”andC)thespanwiseva~i~tion
of de/daissmalluntilenglesofattackapproachingthestUl
emgl.earereached.(See’figs.20and2~.) Attheseh@~l:.of
attaok,thedatafor bt= C).~Ob’.indi,cateanincrease in
whereasthedatafor %t“=0.80blndtcr~teadecr~ase(ffc?29);,’
Thedifferenceineffectii%’”do~waahangleforthetwotailspanq,
isagainproba~lycqusedbyqniqboardshiftoftheliftload.for
sweptback,wingsath@ anglesofatt~kwhenthetfps,stall. “,,

Tailposition.-Boththetuft-surveyandforce-testdatiindicate
thelargeeffectofboththevez’%icalandlongitudinalpositionsof
thetail,onthevariationofdownwashanglewithangleofattackin
themoderatetohighlift-coeff~cientrsm.ge.Forexample,figures12
to14showformodels’A,B, andC withtheshorttaillength(position
enincreasein dGf/daanda corremondingunstablechangein,slope
ofthepitchingmomentnear~imum l~ft.-WhenVUG”tallle~hh“is
ficreased(gositim”2.formo@el.eA;ondBandposition3formodelC)”
theunstablechangesin del/& and dC!%@L nearmaximumliftare
eliminated.A simi,lsrcomparisonofthe~itmmg-momentanddown-
washdatafor-positions1 ad 2 ofmod~ls ’C!.&d”b(figs.14and15.)
shows-thatloweringthetailtda positionnearertheextailedchord.
lineof.%he.tingtendstoeliminateunstablechangb~in d~’l/daand
d~~~ nearmaximwlift”.Thetuiitdata(figs.2Qto24)indicate.-
thatfar”hQhthflp~sitionsthevalueof dE/datendstoincrease
athighanglesofattack,w~ereas:.f?rlowt~+.positionstheopposite
istrue. ,.

1)

,.

Zhgener&.1.,theki~ positions:thatarelowestend.farthes~”
rearwardprovidethemostfavorabledownwash;thatis,insuch
positionsthevaluesof de/daeitherremainconstantorshowa
stabilizingdecreasewithincreasedliftcoefficient,Thisresult
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explainthedataofreferencob whereinthe.-presenoeofa
.

shown,,tcvimprovethelongitudinalstability’charaoterlstics’
of,a@unstable’wing‘&d”to&k??-thecharacteristicsofa Qtablewing. r
. .. ,,, ).,

EffektofHi&i-LiftD6vic& ..

Trail* -edgeflaps.-Asshown’b~thedatatnfigure22half-
spemflapp.onthe~yailingedgeofthewingof’m&’ielD havethe
usual.effeotofproduci~-anIni%iiilpositivevalueofdownwash
engleatzoroangleofattack”endgenerallycausea sl@ht,,in@e@se
fn de~dcc,’.a~isIndtcatiedm reference 9. ~omputationsmadeby
themethodofreference7,b~ed onanunsweptwinghavingthesame
panelsasthosweptbaoktingofmodelD, WMcate thatatO.0~
abovetheextendedchordl$ne.thoincrementofdownwashangleat a = O
causedbyflapdeflectionshouldbeshout~okwhereasthedataof
f@ure,22indicateanincremehtofabout5.8. computationsbasedon
theactualspm andaspectratioofthe,sweptbackwingindicated
an increment0$only3680e .‘ ‘ .,

Wirig-tipleading-edgeal~ts.-Thedatqofftguz%22showlittle
ef%wton d~~daofthesddi.tion0$hslf-spanslatsattheleading
edgeofthefig ttpofmodelD in#o low,iifhxxd?ficientran ●-
At higherlifts,’however, TthepresenceoftheslatsreducediMda
overtlieinner50percentofthesp~.fa tailpositionB.lcwerthan
about0,~~abovethe”e~tefidedchotilineanfl@creased,&/dctfor
tailposi&ons”higherthan:about0.$. .1. . ..,“-.. ,.

.,. CONCLUSIONS,,
,/’ ,. . .

Thereml.isoftestsatlowspeed’to.detcmminedownwashcharao-”
teristicsheb.lndvarious-1-scale eweptbaok~q indic@edthe
followingconclusions:

1.Rather”largevariationsIntherateofch$ngeof downwash
anglewikkq.r@_eof.at~qck&/da occurredforthehighertails
endehortertailleng~hs.beh~fideechoi?,thewlngeinthewing-tail,
ccxnblutions‘&steLathighsn@.esofatt&okwithresultinglargo
changesinlun.gitudtielstabilityofthe‘ting-tailcombinations,

2.Extendingthetaillen.@hand,lowerfngthelx+ toa . ..
positionneartheextendedGhcwd,linegenq.ra,llycauseda decrmm?
h de/du andimpioved’t+es~ab~lityathighliftcoefficients.

‘,,,,..”’

.

—
1

—.
,

.



NACATNNO.i378:”

.
3. Increasing

de/daandimproved
s ,,::.

b. Increasitig

. .. ... ... ... -.. .>
11

the wingaspectratiocauseda reductionin
thetailcontribution“tothestability.

thertitioof”wingroot:chordtotipchord,caused
anincreasein de/daforthelowliftrange. ~ “.;-.: .. .Jt.,

5. The’useoftrailing-edgeflapscal?sedaslightincrgese.in:
de/du.qndcausedanincrementin’thear@e&”&.downwash.atLw.;
anglesof”attackaboutthesti ab’would”bb-ex~ected“bnanuzwyx@
wing. Lpading+dge@&teoausedslightdecreasesin d~/daat
highlifts,andimprovedthekt~b~lity,.“’... - ..:”:’~ :.. .,. .,

“’i.~a~uesofdawnwa%har@ec~pu~~fr&-des@n-char$s f&
unsweptwingsSiveninNACAReports No. 648and71Lagreedfajrly
wellwithcccperimenta~dataat low liftcoefficientsprovided,the..:..
caputationswerebabedontheaspectratioandspanofanunswept
wln~havingthesame‘pahelsaathesweptbaokwinc.. :,,.::::

... . .’..
. ,,. . . -.-., --.-.

Langle~Memorial.Aero&ticalLaboratory’‘
.,.............

.,- ...”.....
I?atiorialAdvisoryCcmmitteej?or~eronqutics

,......L-
:.,..!,.....-,.,,

LangleyField,Vs., April9,1947 ........... $.
,. “ ,., ... ... . .‘, ,. .....- ,.“. .. “* - ,“..- .!.,,,,. . ..............-.
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TABLEI

~-BOUNDARYCORRECTIONSAPPLIZD’TO”FORCE-TESTDATA

I
● Jet-boundarycorrections——-

AC7CL
dodel &/~” - Qc;/C#

Shorttail Longtail
len@h length

A 0.44 0.0076 0,0072 0.0146

B ,28 .0049 , .0080 ,0130

c ,28 ,0049 .0030 .Ooa

D *53 .0Q93 .0069 .0117

E ●32 ‘ .o&7 ---- ----

F .33 “ ,0038 - - -:- . . . .;
[solated
tailsa I

aNocorrectionsappliedbecauseof’smallsizeoftails”.
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TABLE11

_ TODATAFIGUKES

NACATNNo. 13”(8

. .

.
,, ., Tailpcmikfcm 2+j k. Figure

Modelconfiguration nuniber “$ @ . number

Force-testdata
.~v

A,withandwithout 1 1*O 0,18 12(a) 1
+ail , “,. .. 2 ZS5 .18 Y2(ll) I

B, with and wlthc@ 1 I..6 13(a)
tail 2 ,. 2,4 :Z 13(b)

5 “1 1.5 ●29 14(a)
C,withendwithout ‘.2” ,1.5 .03 14(b)

tail 2.3 14c)
,,: 2.3 :; [14d)

1 L,36 .43 15(a)
2 1.36 .21 15(3)

D,withemiwithout, ; 1,36 .03 15(C)
tail z “ 1.91 ,43 ;;(:]

5 ‘<1.91 ●22
6 1.91 .04 [15f)

D,win.qAlone,withand
wtthouthigh-ltftI
devices --, “--- --- 2.6

E“’ .-. ---
1
..- 17

F -.. ..- -.. 28
Isolatedtails --- . . . --- lg.. .,,., Tuft-gurveydata
B,C,withouttail - . . --- m
D,wingalone- --- --- al
D,wingalone,equtpped

withflapandslat ---
E

1091 --- 22
..- 1.36,2.03--- ;~

F --- 1925>1.%----

Analy6isplots
Comparisonofforceandtuftdata 25and26
Effectofaspectratio 27
Effectoftaperratio 28
Effectoftailspan 29
Compmisonofmeammedendcm.uputedvalwsof dcf/da 30
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AC,4 = 40°. Tail: ~ = 1.0; At = 2.5; AC,4 = 40°.
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